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A Solution to Configuration Optimization Problem of Shell Structure
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This paper presents a numerical optimization method for optimal configuration design of shell structures. It is assumed
that the shell surface is varied in the out-of-plane direction to optimize its configuration, and the thickness is constant. A
solution to compliance minimization problem subject to a volume constraint is proposed to maximize the stiffness of shell
structures.  With this solution, the optimal configuration is obtained without any parameterization of the design variables.
The problem is formulated as a non-parametric shape optimization problem. The shape gradient function is theoretically
derived using the material derivative formulas, Lagrange multiplier method and the adjoint variable method. The traction
method, which was proposed as a gradient method in Hilbert space, is applied to determine the smooth shell surface while

minimizing the objective functional. In the design velocity analysis of the traction method, earth spring elements are added
to shell surface to restrain a rigid-motion-like shape variation and to stabilize the convergence. The calculated results show
the effectiveness of the proposed method for optimal configuration design of shell structures.
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Fig. 1 Geometry of a shell as an assembly of flat elements
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Fig. 3 Shape variation in the out-of-plane
direction to a shell surface
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Fig. 4 Traction method using the Robin condition
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Fig. 5 Boundary conditions for torsion plate problem

| e )
B g LT e A
A AT TR
A AR e A
A L i)
A A
T

11 ¢
105
1 DO00000
095 F

Ratio

0.9 » —- Volume
0.85 |-} Compliance

0.8

Iteration No.
Fig. 7 Iteration histories of torsion plate problem
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Fig. 8 Comparison of obtained configurations
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